Gestational diabetes mellitus (GDM) is a common medical disorder complicating pregnancy. It is defined as glucose intolerance of varying severity with onset or first recognition during pregnancy. [1] The prevalence of gestational diabetes in India was l8.9% in 2004. [2] The incidence of GDM, the most common metabolic disorder during pregnancy, is also increasing worldwide owing to advancing maternal age and increasing obesity rates. [3, 4] GDM is considered a prediabetic state, offering the opportunity to study the abnormalities that may appear very early in type 2 diabetes mellitus (T2DM). [5] The importance of GDM is that two generations are at risk of developing diabetes in the future. The offspring of these women is prone to adverse effects such as macrosomia, prematurity, birth trauma, and respiratory distress syndrome and more importantly has a higher risk of developing obesity, impaired glucose tolerance, and T2DM in the future. Among Asian Indian women with GDM, over 20% develop dysglycemia within 1-year postpartum and body mass index (BMI) >25 kg/sq. m increases the risk by 4-fold. [6] It also causes maternal morbidity in the form of preeclampsia, polyhydramnios, and operative deliveries.
their ability to interfere with insulin signaling, have been implicated in insulin resistance in T2DM. [7] [8] [9] In addition to performing a physiological role in the fetoplacental unit during pregnancy, cytokines may also play a pathophysiological role if expressed in abnormal amounts or sites. TNF-a, IL-6, and IL-8 are released from the placenta at term [10] and have been linked to various states of insulin resistance. [11] Oxidative stress is a general term used to describe the steady state of oxidative damage in a cell, tissue, or an organ, caused by reactive oxygen species (ROS). Most ROS comes from endogenous sources as by-products of normal and essential reactions such as energy generation from mitochondria. This oxidative stress was found to be greater in women with GDM than in normal pregnant women. [12, 13] Many studies have reported increased free radical production and antioxidant depletion in gestational diabetes mother to be a causative factor in increasing the risk of congenital anomalies. [14] The excess amount of glucose in GDM women gets auto-oxidized resulting in the generation of free radicals. The antioxidant defense systems are also found to be depleted in GDM. [15, 16] Need for the study Studies of T2DM have been critical in elucidating the role of cytokines and oxidative stress in diabetes. However, very limited data are available in relation to GDM. Current evidence has demonstrated that TNF-a is the most significant predictor of insulin resistance during pregnancy. [17] IL-6 and IL-8 may also be involved in the pathogenesis of insulin resistance in GDM. [18, 19] Gestational diabetes is associated with increased oxidative stress leading to generation of free radicals. The antioxidant system in response to this is depleted in GDM. Uric acid possesses antioxidant properties and contributes about 60% free radical scavenging activity in serum. Elevated serum uric acid is a consistent feature of insulin resistance syndrome. [20] Glutathione peroxidase (GTX) and superoxide dismutase (SOD) are also important antioxidants. Serum bilirubin is also a powerful endogenous antioxidant and constitutes one of the biological defense systems in the body.
The incidence of GDM is on the rise and is associated with significant maternal and neonatal morbidity. But relatively, little is known about the importance of these proinflammatory cytokines and antioxidants in GDM and their effect on the pregnancy outcome. Hence, the need to study their role in GDM as preventive and predictive strategies in terms of outcome of the pregnancy can be obtained with these parameters.
Objective of the study
The objective of this study is to estimate proinflammatory cytokines TNF-α, IL-6, IL-8 and antioxidants such as GTX, SOD, uric acid, and bilirubin in GDM and correlate with pregnancy outcome.
maTerials and meThods

Source of data
Women attending antenatal clinic at JSS hospital, Mysuru, were enrolled in the study.
Study design
This was a prospective observational and diagnostic study.
Inclusion criteria
Women with gestational diabetes diagnosed with 75 g oral glucose challenge test (OGCT) were included in the study.
Exclusion criteria
a. Women with pregestational diabetes b. Women with other systemic illness affecting the levels of proinflammatory cytokines such as bronchial asthma and hypertension were excluded from the study.
The study has been cleared by the Institutional Ethics Committee of JSS Medical College, Mysore.
Method of collection of data
All pregnant women attending antenatal clinic were screened using the diabetes in pregnancy study group, India criteria. [21] Methodology Irrespective of the timing of the last meal, as the pregnant woman entered the antenatal clinic, she was given 75 g glucose, and 2 h later, plasma glucose level was estimated. Plasma glucose of 140 mg/dl or more was diagnostic of GDM.
All pregnant women were screened at 24-28 weeks of gestation. The women at high risk for GDM (age >30 years, obesity, family history of diabetes, previous bad obstetric history, and history of GDM in previous pregnancy) were screened earlier at 12-16 weeks of gestation. Those diagnosed with GDM were included in the study (case group). In normally glucose tolerant women, the test was repeated again at 24-28 weeks and 32-34 weeks. Those with blood sugar of <140 mg/dl formed the control group.
At the time of diagnosis, blood was also drawn for estimation of uric acid and bilirubin. For estimation of IL-6, IL-8, TNF-a, GTX, and SOD, 20 ml of blood was drawn and stored at 80 o c which was processed in the end after collecting samples from all participants. SOD and GTX were estimated by calorimetric method using Randox kits. TNF-a, IL-6, and IL-8 were evaluated by ELISA using Quantikine R and D.
The adverse maternal and fetal outcomes were studied and were correlated with the cytokines and antioxidant levels.
Statistical analysis
Data collected were entered and stored using Microsoft Excel 2007 and analyzed using IBM SPSS version 22 (United States).
Descriptive statistics such as frequencies, percentages, means, and standard deviation were calculated and tabulated for all variables such as age, socioeconomic status and parity, and maternal and fetal complications. Multiple logistic regression analysis was used to assess the influence of various cytokine levels on maternal and fetal complications. The odds ratio and 95% confidence interval for the odds ratio were calculated and significant variables labeled when upper and lower bounds did not include value of " Eight babies (13.3%) had macrosomia and were all born to mothers with GDM. Low birth weight was noted in 5 (8.4%) babies out of whom 4 were born to mothers with GDM. Of the 47 babies born with normal weight, 18 (30%) were to GDM mothers and 29 (48.3%) were to normal mothers [ Table 2 ].
None of the participants in the control group had either maternal or fetal complications while 21 (35%) in the GDM group did not have any maternal complications. Most common maternal complications noted were preeclampsia in 3 (5%), preterm labor in 2 (3.3%), and polyhydramnios in 3 (5%), and 2 intrauterine deaths were reported [ Table 3 ].
GDM group had a mean uric acid level of 4.53 mg/dl whereas it was 3.13 mg/dl in the control group. The value of TNF-a in GDM group was 6.06 pg/ml and 2.81 pg/ml in control group. Antioxidant enzymes such as SOD and GTX were markedly decreased in the GDM group with a mean value of 4979.21 and 13.68, respectively, in comparison of 9625.10 and 15.86, respectively, in the control group. The proinflammatory cytokines IL-6 and IL-8 were also significantly raised in the GDM group [ Table 4 ].
Even though maternal and fetal complications occurred only in the GDM group, only preeclampsia was significantly (P < 0.026) associated with TNF-a value, and rest of the markers did not show any statistical significance with any of the complications.
discussions
GDM is identified by an amplification of the low-grade inflammation existing in normal pregnancy. In recent days, the role of the inflammatory system in the pathogenesis of T2DM and GDM has been increasingly examined. Insulin resistance has been related with abnormal secretion of proinflammatory cytokines such as TNF-a and interleukin IL-6 and decreased production of anti-inflammatory mediators such as IL-4 and IL-10. Despite the controversies regarding specific cytokine levels, T2DM is currently regarded as a chronic inflammatory disease. Due to the similarity between T2DM and GDM and the relationship between T2DM and inflammation, it has been hypothesized that inflammation could be also associated in the pathophysiology of GDM. [22] This theory is supported by increased circulating concentrations of inflammatory molecules such as TNF-α and IL-6 in GDM. TNF-α is one of the aspirant molecules responsible for causing insulin resistance. Comparison of the placental gene expression profile between normal and diabetic pregnant indicates increased leptin synthesis in GDM which is associated with a higher production of proinflammatory cytokines, for example, IL-6 and TNF-a causing a chronic inflammatory environment that enhances leptin production. As a result, compared with normal pregnant women, placental leptin expression in individuals with GDM is increased. Leptin itself increases production of TNF-α and IL-6 by monocytes and stimulates the production of CC chemokine ligands. Raise in leptin concentrations in turn amplifies inflammation.
In this study, women with GDM are characterized by increased antioxidant gene expression. In keeping with this, GDM is characterized by an amplification of the low-grade inflammation which already exists in normal pregnancy. This hypothesis is supported by increased circulating concentrations of inflammatory molecules such as TNF-a and IL-6 in GDM pregnancies. TNF-a is one of the candidate molecules responsible for causing insulin resistance. [23] Rise in the level of GTX and SOD in GDM is due to the oxidative stress, and various studies have reported the increased levels of these antioxidant enzymes; [24] on the contrary, there are many studies which have reported their decreased levels too. [25] An elevated serum uric acid concentration may reflect impaired endothelial integrity in which endothelium-dependent vascular relaxation produced by nitric oxide is reduced. High blood glucose levels induce oxidative stress and decrease antioxidant defenses, thus leading to increased free radical formation, and these free radicals may damage not only the organs in which they are formed but also the remote organs. [26] Rasika et al. showed that in their study, there is an increase in the risk of development of GDM with increased levels of serum uric acid. [26] Studies by Coughla et al., have shown the association of hyperuricemia with GDM. [27] Zhou et al., in their study, measured lipids and uric acid concentrations in 1000 healthy nulliparous women at 20 weeks of gestation and showed that hyperuricemic women experienced a 1.99-fold risk for preeclampsia and a 2.34-fold risk for GDM. [28] In the present study, the uric acid levels and level of TNF-a and IL-8 were significantly raised in GDM patients compared to controls, and even though level of IL-6 was raised in GDM patients, it was not significant. Serum bilirubin, GTX, and SOD levels were decreased in GDM patient when compared with controls. Even though control group had no complications, maternal complications such as preeclampsia, polyhydramnios, preterm labor, and fetal complications such as macrosomia and intrauterine device were common in GDM group. Only preeclampsia had statistical significance with TNF-a; rest of the markers though elevated in GDM had no statistical significance with any of the complications.
Consistent with literature, the present study also quotes that the incidence of macrosomia was 13.3% (n = 8), all in the study group which can be correlated for the increased operative deliveries in gestational diabetes. This study also showed increased instrumental deliveries and cesarean sections in the GDM group.
Further analysis and comparison of mean levels of oxidative stress markers using ANOVA revealed a significant difference in the mean values of OGCT values, uric acid levels, TNF-a, IL-8, SOD, and GTX levels for control, GDM without complication, and GDM with complications, and post hoc tests revealed a significant mean difference in the level for control and other two categories. However, there is no significant difference between GDM with complications and GDM without complications [ Table 5 ].
Early intervention and right treatment in individuals with GDM or at increased risk for developing of GDM will be helpful in preventing the adverse maternal and fetal outcome and also save them from long-term complications.
conclusion Serum uric acid and TNF-a levels were significantly increased in GDM patients, and levels of GTX and SOD were decreased in GDM. Oxidative stress is elevated in GDM and TNF-a had a statistical significance with preeclampsia.
